ABSTRACT -Background -The competence of enteroaggregative Escherichia coli (EAEC) to adhere to the intestinal epithelium of the host is a key role to the colonization and disease development. The virulence genes are crucial for EAEC pathogenicity during adherence, internalization and persistence in the host. The overwhelming majority of antigen encounters in a host occurs on the intestine surface, which is considered a part of innate mucosal immunity. Intestinal epithelial cells (IECs) can be activated by microorganisms and induce an immune response. Objective -The present study investigated the interaction of invasive EAEC strains with T84 intestinal epithelial cell line in respect to bacterial invasiveness, persistence and cytokines production. Methods -We evaluated intracellular persistence of invasive EAEC strains (H92/3, I49/3 and the prototype 042) and production of cytokines by sandwich ELISA in T84 cells upon 24 hours of infection. Results -The survival rates of the prototype 042 was 0.5x10 3 CFU/ mL while survival of I49/3 and H92/3 reached 3.2x10 3 CFU/mL and 1.4x10 3 CFU/mL, respectively. Infection with all EAEC strains tested induced significant amounts of IL-8, IL-6 and TNF-α compared to uninfected T84 cells. Conclusion -These data showed that infection by invasive EAEC induce a proinflammatory immune response in intestinal epithelial T84 cells.
INTRODUCTION
Enteroaggregative Escherichia coli (EAEC) were first associated with persistent diarrhea in children in developing world. Since then, it has been widely linked with the acute and persistent diarrhea in infants and children in developing and industrialized countries, also in individuals infected with the human immunodeficiency virus (HIV). Besides, it has been recognized as a significant cause of traveler's diarrhea and in foodborne outbreaks (1) . In Brazil, EAEC infection were identified as the most common cause of diarrhea in children younger than five years of age (2, 3, 4) . The ability of EAEC to adhere to the intestinal epithelium of the host represents, undoubtedly, a key piece to their subsequent colonization and disease production (5) . Clinically, the symptoms may be watery diarrhea, often accompanied by fever, nausea and vomiting (6) . The variations of symptoms are due to factors such as genetic susceptibility and immune response of the host, heterogeneity of virulence among strains and the amount of bacteria ingested (7) . EAEC adherence to the human intestinal mucosa requires expression of aggregative adherence fimbriae (AAFs), which promote the formation of a thick biofilm. Mucosal secretion may then be induced by the production of bacterial enterotoxins and cytotoxins (1) . After adhering and colonizing, EAEC is able to invade intestinal cells (8, 9, 10) . Thus, the virulence genes are integral for EAEC pathogenicity which are employed by bacteria during adherence, internalization and persistence in the host, as well as mediating mucosal toxicity by induction of inflammatory responses (11) .
The overwhelming majority of antigen encounters occur on the intestinal surface, which is considered a part of innate mucosal immunity. Intestinal epithelial cells (IECs) play a significant role in regulating the response to the microbiota through multiple pattern recognition receptors (PRRs) that recognize microbial-associated molecular patterns (MAMPs) and facilitate crosstalk with luminal bacteria and their antigens. Among PRRs are Toll-like receptors (TLRs) which are expressed on apical or basolateral membranes of IECs. Bacterial recognition by PRRs induces IECs activation, leading to the production of different cytokines which will orchestrate the course of infection (12, 13) . Some cytokines, as IL-8, IL-6 and TNF-α, act recruiting and activating different cells leading to a proinflammatory immune response. On the other hand, cytokines as IL-10 acts as antiinflammatory, downmodulating the immune response, an important mechanism in maintaining intestinal homeostasis (14) . The goal of this study was to evaluate interaction of invasive strains of EAEC with T84 intestinal epithelial cells and the production of cytokines.
METHODS

Bacterial strains
EAEC strains were isolated from the faeces of children under two years of age with acute diarrhea coming from the urban area of Rio de Janeiro, Brazil. Diarrhea was defined as the occurrence of one or more elimination of liquid faeces in a period of 24 hours (15) . The prototype strain EAEC 042, isolated from children with diar-AG-2017-105 dx.doi.org/10.1590/S0004-2803.201800000-23 rhea in outbreak in Peru (16) was included in the present study. The EAEC strains H92/3 and I49/3 were previously characterized by DNA hybridization probe or by polymerase chain reaction (PCR) for putative virulence factors of EAEC (15, 17) . Adhesion assays in the intestinal cell line T84 after 6 hours of incubation was used to characterize the aggregative pattern (TABLE 1). All strains were stored at -70°C in Trypticase Soy Broth (TSB, Merck) supplemented with 20% glycerol.
Cell culture
The human intestinal colon carcinoma T84 cell line (ATCC CCL248) (18) was cultured in a 1:1 mixture of Ham F12 culture medium (Gibco-BRL) and Dulbecco's modified Eagle Minimum Essential Culture Medium (DMEM; Gibco-BRL), supplemented with 10% Fetal Bovine Serum (FBS; Gibco-BRL), 2.5 mM Lglutamine, 50 μg/mL gentamicin and 2.5 μg/mL fungizone. The cell line was maintained at 37ºC in 5% CO 2 atmosphere. For epithelial cell infection and intracellular persistence assays, cells were cultured in appropriate medium in 24-well plates (Nunc International, USA).
Epithelial cell infection
Infection of T84 cells with EAEC strains was performed as previously described by Harrington et al. (19) with modifications. After confluence and polarization of cells, the wells were washed with Dulbecco's phosphate buffered saline (PBS-D) pH 7.2, added of DMEM with 2% FBS and 1% D-mannose.
Bacterial strains were cultured in 3 mL of TSB (Merck), incubated for 18 hours at 37ºC and aliquots of 100 µL standardized bacterial suspensions (approximately 10 7 CFU mL -1 ) was inoculated on the cell monolayers in triplicates, then the plate was centrifuged for synchronization (Eppendorf Centrifuge 5810R, Hamburg, Germany) and incubated at 37°C in 5% CO 2 atmosphere for 3 hours. Subsequently, cells were washed with PBS-D, added of DMEM with 2% FBS, 1% D-mannose and 100 μg/mL amikacin [250 mg/mL] (Teuto, Brazil) and incubated for more 21 hours. After 24 hours of incubation, the supernatant was centrifuged and immediately stored at -20ºC.
Evaluation of cytokine production
The cytokines IL-1β, IL-6, IL-8, IL-10 and TNF-α were measured in the supernatants of infected and non-infected T84 cell by a sandwich ELISA, using a commercial kit from R&D Systems (Wiesbaden, Germany) according to the manufacturer's instructions. The kit contains two monoclonal antibodies specific for each cytokine, one of which is biotinylated. The reaction was then developed with streptavidin-HRP using as substrate 3,3', 5,5' tetramethylbenzidine (TMB -R&D Systems).
Nitrites
For nitric oxide (NO) assay, supernatants from T84 cultures were immediately mixed with an equal volume of Griess reagent to detect nitrites production (20) .
Intracellular persistence of EAEC in T84 cells
The evaluation of intracellular persistence in T84 cells infected with EAEC strains was performed as previously described by Pereira et al. (10) with modifications. After infection of the epithelial cells and 24 hours of incubation the cell monolayers were washed with PBS-D followed by lysis with 1% Triton X-100 (Riedel, Germany) in PBS-D for 30 minutes. After vigorous homogenization of each well, 200 μL of the obtained lysate was diluted in ratio 10 in a 96-well plate and 10 μL aliquots of each dilution were plated in TSA medium (Merck). The plates were incubated at 37ºC in 5% CO 2 atmosphere for 18 hours, followed by counting the colonies, obtaining the number of colony forming unit/mL (CFU/mL) of the lysate.
Statistical analysis
Intracellular persistence assays were expressed as mean ± one standard deviation (SD) of three experiments performed independently. Cytokine levels were expressed as mean of three experiments performed independently and standard error of the mean (SEM) The statistical analysis was calculated using a one-way ANOVA followed by multiple paired comparisons with Bonferroni error correction for ELISA and Unpaired t test for persistence assay using Graph-Pad Prism Version 5.03. Statistical significance results were considered when P<0.05.
RESULTS
Persistence of EAEC in T84 cells
The intracellular persistence of H92/3 and I49/3 EAEC strains and the prototype 042 in T84 cells were investigated after 24 hours of incubation and survival rates were approximately 1.4 x 10 3 , 3.2 x 10 3 and 0.5 x 10 3 CFU/mL, respectively. All strains were statistically significant (0.01<P<0.05) when compared to non-infected T84 cells (FIGURE 1). 
Inflammatory responses of EAEC-infected T84 cells
Confluent T84 cells were infected for 24 hours with different EAEC strains. The prototype EAEC strain 042 induced a strong production of IL-8 compared to uninfected cells (P<0.0001), a chemokine for neutrophils (FIGURE 2A) . The strains H92/3 and I49/3 also induced high production of IL-8 (FIGURE 2A, P<0 .0001 and P<0.01, respectively). We also evaluated the production of IL-6 by infected T84 cells. As shown in FIGURE 2B, all EAEC strains induced significant production of IL-6 compared to non-infected T84 cells (P<0.0001). Interestingly, the strain I49/3 induced high amounts of IL-6 compared to 042 and H92/3 strains (P<0.0001). In this system, we don't detect significant changes of IL-1β secretion, independently of different strains tested (data not shown). The TNF-α response was also investigated, since this cytokine is an important cellular activator. Infection by the prototype 042 and I49/3 induced significant secretion of TNF-α (P<0.01 and P<0.0001, respectively) compared to uninfected T84 cells (FIGURE 2C). In our system, we did not detect significant differences of TNF-α levels when T84 cells were infected by H92/3 strain (FIGURE 2C). Infection by the different EAEC strains did not induce changes in the amount of IL-10 secretion by T84 cells (data not shown). In addition, we did not observe upregulation in nitric oxide (NO) secretion (data not shown), although these strains were able to induce high amounts of inflammatory cytokines (FIGURE 2).
DISCUSSION
Diarrhea is a leading killer of children, accounting for 9 per cent of all deaths among children under age 5 worldwide in 2015. This translates to over 1,400 young children dying each day, or about 526,000 children a year (21) . Common amongst the Diarrhoeagenic Escherichia coli (DEC) strains is the ability to colonize the intestinal mucosa, evade the immune system, multiply and cause tissue host damage (22) . The diarrhea caused by EAEC is the result of a complex interaction pathogen-host. In different clinical settings, the diseases induced by EAEC is accompanied by activation of an inflammatory response (23) . The pathogenicity of bacteria frequently includes colonizing, adhesion of the intestinal tract and the ability to invade and persist within enterocytes (9) . A previous study in our laboratory has shown that EAEC invaded and persisted in Caco-2 and T84 cells in extended periods of incubation, 6 to 72 hours (10) . In the present study, intracellular persistence assays showed that the same EAEC strains are able to survive in T84 cells after 24 hours of incubation. The strains tested had distinct genotypes with a wide range of virulence factors and we noticed that the strain I49/3 which contain the aggregative adherence fimbriae agg3A gene (AAF/III) showed higher persistence levels (10) . The mucosal surface is an important barrier to pathogens, and it can be represented by IECs in the gastrointestinal tract. Also, IECs are able to induce an inflammatory response upon infection, recruiting and activating immune cells, as neutrophils and T lymphocytes (12, 13) . IECs respond to many inflammatory stimuli by secretion of proinflammatory cytokines and chemokines such as IL-8 (24) . IL-8 is one of the most important chemokines that recruits neutrophils to the site of infection (25) . According to our results, Harrington et al. (19) also observed upregulation of IL-8 gene in 042-infected non-polarized T84 cells. Upregulation of IL-8 by infected IECs has also been reported by others, using different systems: the hemorrhagic coli pilus of enterohemorrhagic Escherichia coli (EHEC) (26) , enteropathogenic Escherichia coli (EPEC) (22, 27) and EAEC (4, 11, 19, 22, 24) . Another proinflammatory cytokine is IL-6, a potent inducer of acute-phase proteins and is also known to upregulate T and B-cell maturation. Besides, TNF-α acts on endothelial cells upregulating adhesion molecules, enabling cells to migrate into inflammatory foci and also activates neutrophils, increasing their degranulation and respiratory burst, a potent microbicidal mechanism (25) . In our study T84 cells infected with EAEC strains produced IL-8, IL-6 and TNF-α.
The H92/3 and I49/3 strains and the prototype strain EAEC 042 have the AAFs and the transcriptional regulator aggR, which could explain the high production of IL-8, IL-6 and TNF-α by T84 infected cells, as previously observed with different EAEC also expressing aggR (28) . Cennimo et al. (28) used a human intestinal adenocarcinoma cell line, HCT-8, to determine genes and cytokine responses of EAEC isolates from adult patients presenting to an urgent-care clinic in the USA. The authors inferred that aggRpositive EAEC elicited higher levels of IL-6, IL-8 and TNF-α compared with aggR-negative EAEC. Furthermore, individuals infected with EAEC containing the gene aggR in conjunction with the genes aap, aatA, astA, pet and/or set were more likely to have markers of inflammation present in their stool examination. These findings suggest that one or more of these genes may be a marker for virulence and are associated with inflammation during diarrheal FIGURE 2. Cytokine production by infected T84 cells. T84 cells were infected with EAEC H92/3, I49/3 and 042 strains. After 24 hours of infection, supernatants were collected and tested for IL-8 (A), IL-6 (B) and TNF-α (C). The basal production of cytokines was measured on non-infected T84 cells. Cytokine responses were expressed as mean and SEM of three experiments performed independently. Statistical analysis was performed by one-way ANOVA followed by comparisons of pairs using Bonferroni error correction. ** P<0.01, *** P<0.0001. illness (28) . The strains used in the present study have at least two at most four of these genes, ratifying our results.
Coordinated expression and upregulation of IL-8, IL-6, TNF-α and others proinflammatory cytokines were observed by Bandyopadhaya et al. (29) in the intestinal epithelial cell line Int407 upon Vibrio cholerae infection. These proinflammatory cytokines also showed increased expression in T84 cells, except for IL-6. Medeiros et al. (30) showed that EAEC 042 strain induced IL-8 and TNF-α expression, but not IL-6, and reduced TGFβ expression, in intestinal epithelial cell line IEC-6 in the early stages (180 min) of infection. Recently, Gupta et al. (11) studying EAEC with different AAF types in duodenal biopsies using in vitro organ culture (IVOC) observed an increased expression of IL-1β, IL-8, IL-6 and TNF-α. Our results were similar, although we didn't detect significant changes in IL-1β secretion.
The nitric oxide (NO), that is synthesized in large amounts by the inducible NO synthase (iNOS) under pathophysiologic conditions acts as a potent effector of the innate immune system, which plays a major role in the development of inflammation and in the fight against pathogens (31) . It was observed NO induction by enteropathogenic bacteria as Salmonella Dublin (32) and enterohemorrhagic Escherichia coli (EHEC) (31) . Although we did not observe NO production by T84 cells infected with EAEC in our system, it may also be possible that the bacteria inhibited its production as an escape mechanism of the immune system. Further investigation would be necessary in order to elucidate this question.
Here, we reinforced that infection together with intracellular persistence of EAEC strains induce a proinflammatory response leading to intestinal inflammation that could result in diarrhea and even death.
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